e 64 EPRERIFRE 201341 H #5344 % 1H  Int ] Orthop, January 25, 2013, Vol. 34, No. 1

NI 1] se 40 M 5 i LR S 23 TR

KRR L BRAE

WE AR E S (hUCMSO) B A Bt 55 45\ A 22 5 S BT AR Sh 7 38 S 4 bk Rtk ShiE
THEM T ToWNA SRR mIE R, EFHWERIKRARILE RIFO RN AL R RAR B E LIERE
M, EETR TS, LFEERIARGLERE B35 % hUCMSC Al TRILAMEZ B Xz, — 27
RSN 3 B B R AR RBE RIS AR A A B S R e BB F SRR AR e
15 B BE 1] ARt RAE R 7 2k, 3% sk hUCMSC £2 /B L & %2 64 5 JA BF 50 8 R A — 23k

KEW FAARLG B R R i e AR
DOI  doi:10. 3969/j. issn. 1673-7083. 2013. 01. 020

ZH VR R BIE 5 AR 0 B T A i R B 2 T
AE BRI 2015 TG S e HE R M L JCAE B A A 180 AT FE R A1
PR sEArE . RIA T A0 A CESC) BT 434k i G il 21 40
SO A4 3G 58 7 ™ A2 T 4 30 v A K 1k 2
O 50 A R e b TG R 14 SR T LI R Rz P 0 32 3 2
LSRN N W VA R Y S DN & A s ]
(BMSO) Jid5e)™ 12 o F 41 4 Uke) S AF 5 1 1) 7 I T 40 e
HATERN SN 0 s A28 SRR I 2 21 B
77 H B AR U5 G 7 VR AE 1Y) G2 HE T BN 5 25— 19 1)
LA HEIG T B Bk BE Y I R B 5 R B B O A A
BMSC  E g B 7E 7 4R N AT B R e o (R Bl
/b I FERE 77 55 0 Bl N TR] 4 % 23 10 7 8 12 25 [ A1 D) R )
BMSC R . 3 AFEAF 58 & 30 AR IBF A ] 78 5t ] A5 S [i]
FEIRANML SRR B AR 3 AN IR JE 4L G B 7, i
SHAth SR V[0 72 S5 40 B 1) 3 A RIS B R T AR G e 2

H i A3 T T il A 5 2 i A T 2
Sy B FE AR . S 1] 7855 40 il (hUCMISO) 76 %
A AT AT AR A Ry —Fi RSN AR E s
TR T AR A PR A B . AR B 2 )5, hUCMSC
23k 7 WAL RA AR R 3 ki B . hUCMSC &30 0 BEE i
A AR, AR PN B2 A A2 (CD34 B (1) 26 B 40 i
FEE 2k 5 AR P ) 78 5 40 28100 A0 4 3 T B e 40
1 CD10, CD13,, CD29, CD49e, CD51, CD73/SH3., CDY0
(Thy-1). CD105/SH2. CD106. CD117, CD166 1 HLA-1/
HLA-ABC, T2 T 3 il 41 A2 25 17 /9 AR i 23+ 4n CD14,
CD31.CD34,CD38,CI45 Fil HLA-DR &35 5 . 14b.
hUCMSC 8 A I 7K -2 1484 55 L F Oct-4 Nanog Fl SOX-2
25, AR RNA Fl mRNA P80 M1 56 517 . A
i @R s hUCMSC w43 b A i =N IRZ FF g A g 2
HAERAER A 5 R AR A=
1 hUCMSC B4 LN 5 IMEZHR

AR S AL e T ) (B R 1 A TR TR A B
WA R BUA PENA T N TR A A S5 T B 3k
DLV A AL A 45 M HE 2 T SR T A R

FETH s E A R T (D 38 XRFFE 2 45 (YG2011MS28)
PR AL 200080, LSS R MR R — AR EE B A
WEEH . P Email: sawboneszhao@ 163. com

TRIT TR . BRI BB A B2 T A 1 g T A
JCHELIR T8

SYER L 7R R 2 TR (PGA) 21 B ) BRI 5
KA K R (TGF)-B 38 T . hUCMSC [ ¥ fig %
IR R A S R . 5T R W], hUCMSC 431k A
IR B A R PR B8 D 2 R — A B TR B O e DR 9 TR
SOX-9 1y L85 1 I FH AR, mRNA #2835, Bil/R
B T Zh 220 AN G0 5 4L 2k 2 B R S 531 1 A T e
Ji s AT AR Ry 2 B A K 6 T 4 B A 1) BERCR A
SHEBE F I FR AR . Karahuseyinoglu 487 52 56 i 57 2
728 TGF-3 553 1) hUCMSC 1] 382 2 b AL i
T AT FE 2 rp o A 0 0 TR e . A5 R . hBMISC
F1 hUCMSC 5255 b 25746 30 21 TR i i, {2 hUCMSC 4 He
hBMSC 4175 5 A A e S 8T 3 P BB 2 PR Ay i 2 A o e
HI AR AN T s 485 27 % HE I & B0 hUCMSC fig 45
L JEANEE Z 0 . i hBMSC 76 40 g 40 3 5 19 A= 1 & B
T HAR S OIS TR B S i R 3R /KO R A R T
RKF-_E3 5 T hUCMSCL 7243k o K E an it i 2
TP L . Singh 26 229580k FSE T ROA B 55 37
SRR B T RUURE 10 15 5% S48 RV RR AT IR ) AL BS
FHE A B AW G H T E 4200 2.
hUCMSC Lt hBMSC 5 84119 73 fL BE 71 BEAE — 4k 7 A 85
I v A TR G i RN 78 S A5 AT o (I 3 5 el I
FHVEEF 5K 21 2 T v i) [R] 72 5 240 B R 15 5107 FH 138
TR 3 ) 2 A O H AR R

hUCMSC 7E15 WL G2 i) 8 v i 5 On; FH & 75— IR
R I A AT 0 G 1 i A P oAb T AR e
TN SE B . i S Hh A5 2 AN M 38 85 3R AE PGA Ay
i 4 8, hUCMSC JE J8 1 280 18 138 R 4B 1) 21 2
BB RELL S, IR Ak R A T 5 1R AR A
XSUAN M AR AR £ 4R R A A T T — 20
YRS R, H 3 o 5 1 s I AN 2 2 BRI A A e
73, hUCMSC A KR 15 1A 5 2B 0 & iR T 1
A FRAE BT OGS t AR

TE— 004 S0 10 F b 22 38 X 40 60 188 5 1 AR 5 okt A
Y45 R e B 52 Hp L hUCMSC 4351 L 500 5 4
8/ ml (i) .2500 5 48 ffd/ml () 1 5000 J7 48/ ml G
45 3 PRI A T PGA 28 L8524 G & %



F PR E R 28E 20134E1 A #5344 45 18 Int] Orthop, January 25, 2013, Vol. 34, No. 1 e 65 e

S I v 2 A 0 L R RS B VR LB A i A i A S
S B e AR AL O B o AL R
JEE AR TR T DR B 0 1) ) 2 S B M 5 D DL HE PR A6 O 4T
YR 4R LI T, SR > 2500 J7 41/ ml f) $% Fh
R = G i SR VN | B SR e S B8 A B
BRE LT L FE W, hUCMSC 1] 4304k S £F 2 515 40 i
2 IR AT () £ 2 5B P A (R W A 20 ok R . Gl
W AEYETEE S QAR N R A B Ak T,
L[RG5 R P I PR A R Y i — 2P
WAl BSR4 AL PR, 356580 215 4 TR JRE T L I
HK hUCMSC HIF32 B 4B 42U s 58 10 B 227 1)
2 hUCMSC BB A il 58 &R R

HHLUE—FP AT UM LS B RAEFBA A
KRG MEERRT) . G E AT L E BT ORR
I7 HIZIT IR Z R R R KRN TR R R e i
AR 2 B BRI ELXF— 26 = F - 3 405 H R A 4
N IIRIT k. A —Fpr 204 1 Jr %, BMSC 1]
PUIMA A=Y B B3 A, AT 7E AR D A 3 5
WS, BRI R S S BB S S HhEEK
FAFI () B4 % A2 3 11 (BMP)-2, L % F 35 i 4
B HIMBEBR NPT IR M AR . F 41 A BMP-2(+hBMP-2) i E.
A IREET L . hUCMSC 765 [fi 45 77 5 0] 76 3 ZE K A
- HMB RIS h i T e e R gt . TEiE S
7= A DR AN A R B A SE P Runt A 56 5% SR
T (Runx)2 A58 (258 1975 s H00E B 7 (TAZ)
PIWEE S 5 AR AR AR S DR 0 TR B e
WERRAG (ALP) 23876 BRU 1 BT B L 20 v B 366
AR T B R 1R YRR W A 1 1) g L £ 3 Sy B
PRI, 5 hBMSC #[A] . hUCMSC 55 2 J& 22 J5 th ] Wi g
N IEAE T AEAETE B KB 45715 J7 1T . hUCMSC 7= 1)
W AEEH 55T hBMSC,

TE=HEAE YA R  hUCMSC (R R ] 22 300 iR 43
fEEETT - 4N Runx2 1 i B 6 3% 28 11 A 80 n » 3 w7 46
PR BFFE & B FE TG L5 RUIR ) S2 48 (an PGA)
L P 2500 T3 40/ ml 5 DL E R B RO Y, B
FURE S F B A B B A RO AN WA JE T . e/
BB A P [ RE ARG 31 hUCMSC R 4L BE 7 5 He e
hBMSC, £ F# 4 hUCMSC 2 4~ J J5 £ von Kossa 4 3,
71K QO M- 37 N1 I i1 I o v = o ) B = S A A
hUCMSC £z 2| ZFL05 A= KR (R 2 3L 15 K -
WRIR-2 5 LR E A RD H A B RUL T .12 G
25075 S R ARG B A A AR . SR E TR o
PAIX A3 i e 240 i 2ok H 18 3 BAS B 8 & 4 B hUCMSC,
FopiFas > W], Toll #E2Z (k (TLRO A S A 3876 7 F %
hUCMSC 84 E BE F1 5 A K (H7E JE IR PR
hUCMSC 844k 11 vl ik 5] 5 BMSC IR K. %
TS o hUCMSC 74 F A= Iy T84 BMISC 15k AT
A, VAW B B I 107 4120 JBF R U ) ) 72
Yiiffg (hUCMSC #if/b TLR4 323K5) TLR 4T 42 fig ) il e ie
HERAMGIRE Sy RE @ 1 98 3 Fhia) sE R 4n i TLR3 63k

iR i BT 4 W S 351G . H B TLR 3 % Xf
hUCMSC £ #f — 25 5% il ;s hUCMSC % 1R 4 bk B 200 g 52 i
(MLRO Jir s Ji ) Se B HE R BEAN 52 R0 A3 TLR i
FEM 5 SRR I T 5 IS PR (HGE) i 5363k .
hUCMSC B0 5 CCE Ak 1 4 A 0 A2 R ok
RIRMEE )7 02—, —TF5E > hUCMSC 4 51l 4%
o 81 B BB B T X B 2 S A A B — i Op
[f]Je 45 — )2 AR L) hUCMSO) , 7E 2 % L-FLIR 48 1%
F¢ 3 JE s L 412 98 E B, R4S hUCMSC 43 Ak 78 3 Fi b5
FRAR T 32 3 — 5 BR A L fHX Bl = 0 3 20 45 44 1k 3 4R
o I R R S R AR A R . AR AT T
— TR S SR — MR T TGE-B, [l B A o5 — Ml ¢
Jilt BMP-2, - 1% 252 0 A% R S 200 i R - 40 L 45 SR 7
HEAS A B AR B S O Rl TGF-8 — il o] W 3%
21O Yoo B DI, 3 B 30 2o 3 i B 5 2k B 2R 5% [
i SRR 1) e 2% A2 52 B0 400 it DX 3 Ak Ak S T AT 1Y s 4 G
G50 5 TEAE R B,
YA B SR AR 42 1% hUCMSC 19 18 434k fig
PR AR AEVE R 47 4 8 (3 v] (R HE A R R A . B R
B K VTR B BE A T 0 SR A A R F 9T A
S SE IE BR J RE AR R SR AT DA
B E R hUCMSC ZiF 1958 B0E /b e 1 I I3 bt
BHIC 1 fE 15 20 8 d 85 3%, 2 40 A A BT R
hUCMSC 7E 75 8 VoI I A 7 42 1 A 4 i 28 B (1056 mm® +
65 mmr' ) & T AN & W R0 ER A B K e i xR A
(645 mn’ £ 60 mm?) , H 20 A6 I 21 (4 L3 2 1 27 4
XiF HEZALAY 2 435 i St SRS B S 1 (RT-PCRO 43 H7 (8.7
I DA B R ek A LT R Y o 3 L (e VR 5
IR FE S o S P I ek (A 4D R LT
AR IO (B 4D R AL 2T 4k 235 -1 R ek (C 4D 5%
hUCMSC FA 4537 21 d, 45 8 % C 201k} R i e -
(4 1% AR EE B e (o0 o A 41F0 B4R 4 A5 F0 15
%), ALP B 5 2 TR JF 34 P A Runx2 R 19 .
82 hUCMSC Ji - 40 it 43 16 5 hBMSC A 41, RP
Runx2 Fl TAZ FERIEAL 5855 A B E A S8R,
A FEIIER . — W58 B 78 FHRA G 4 17
(FBS) {y¥5 3295 5:52% , hUCMSC 8 4>tk Be 1 72 0 A
IR KT hBMSCHig 28 ARG & 121
N RIS
3 hUCMSC L5 L #LFI A 52
TR T D ETR I TS A RSN
PR EE )y M. HET hUCMSC LA fb 3 A 40 45
FERLEE 0 o B 22 R PR ™) [ 5 5% DA M B 4%
PRS- 4 8 hUCMSC A & 5 2% M 4 85 97 2%
7 ~11 d, AL B s LR R Myf5 T MyoD 3
K, ¥ hUCMSC R 2 Z B 5 LA b i 2o S 94
A FEE LWL LEE B A TR 2 a4k ok
UL+ B85 55 B 7 MyoD % e i hUCMSC 5 d & » hUCMSC
AT NS A LA 56 1 2 T D REAR I 4 1 WLAN A 57
PSSR R FORILAN RS S PRl . 8 hUCMISC B A S AL



o 66 EPRERIFRE 201341 H #5344 % 1H  Int ] Orthop, January 25, 2013, Vol. 34, No. 1

BFEN RN BB LA 20, O RS R A B
dysferlin FUANUE F2A R E H R KK B, Hor e
FLINF NG A2 5 35 5 40 i CADSCO), HJit R AT g
& hUCMSC #1 ADSC A= 852251. 7E4% hUCMSC 5] A
WURGEIRTT ZHT RIS Ak T RS2 A DFFE R E A
4 HiE

hUCMSC B HM B 215 T iz AT vk iR A
B R AT RSN 1SR 7 AR N 2 Fh A i ik 2 2 kg g DA
B RAFHRSN T 4 8 7, UE BIAE S B0 IE IR YT M 4 A Y v
AE. JEAEA & hUCMSC 765 L& Go b v i FH i 44
FARSMIFFE R4 AR S 2 S, K T 7 i AR g T i A7 o B
ZHET KRR PR AR N H R i LB oY £
O 4 e 5 5 PR 05 0 A B 3% SCHR 1 DA B AR P 4
L2 2 PR A BE T PP 55

5 % X #

Marcacci M, Kon E, Moukhachev V, et al. Stem cells associated with
macroporous bioceramics for long bone repair; 6- to 7-year outcome of a pilot
clinical study[J]. Tissue Eng, 2007, 13(5):947-955.
Karahuseyinoglu S, Cinar O, Kilic E, et al. Biology of stem cells in human
umbilical cord stroma; in situ and in vitro surveys J]. Stem Cells, 2007, 25(2);
319-331.
Struys T, Moreels M, Martens W, et al. Ultrastructural and immunocytochemical
analysis of multilineage differentiated human dental pulp- and umbilical cord-derived
mesenchymal stem cells[J | Cells Tissues Organs, 2011, 193(6) :366-378
4 Arufe MC, de la Fuente A, Mateos J, et al. Analysis of the chondrogenic
potential and secretome of mesenchymal stem cells derived from human umbilical
cord stromal J]. Stem Cells Dev, 2011, 20(7):1199-1212.
Caballero M, Reed CR, Madan G, et al. Osteoinduction in umbilical cord- and
palate periosteurn-derived mesenchymal stem cells[J]. Ann Plast Surg, 2010, 64

(5) :605-609.
de Bruyn C, Najar M, Raicevic G, et al. A rapid, simple, and reproducible

(i8]

w

ul

(=)}

method for the isolation of mesenchymal stromal cells from Wharton's jelly
without enzymatic treatment[J]. Stem Cells Dev, 2011, 20(3) :547-557.

7 Chen HC, Lee YS, Sieber M, et al. MicroRNA and messenger RNA analyses of

mesenchymal stem cells derived from teeth and the Wharton jelly of umbilical

cordJ]. Stem Cells Dev, 2012, 21(6) :911-922,

Fong CY, Richards M, Manasi N, et al. Comparative growth behaviour and

characterization of stem cells from human Wharton's jelly[J]. Reprod Biomed

Online, 2007, 15(6):708-718.

9 Bailey MM, Wang L, Bode (], et al. A comparison of human umbilical cord
matrix stem cells and temporomandibular joint condylar chondrocytes for tissue
engineering temporomandibular joint condylar cartilage[J]. Tissue Eng, 2007, 13
(8):2003-2010.

10 Giavarella S, Dammacco F, de Matteo M, et al. Umbilical cord mesenchymal
stem cells; role of regulatory genes in their differentiation to osteoblasts[]].
Stem Cells Dev, 2009, 18(8):1211-1220.

11 Wang HS, Hung SC, Peng ST, et al. Mesenchymal stem cells in the Whartorts
jelly of the human umbilical cord[J]. Stem Cells, 2004, 22(7):1330-1337.

12 Wang L, Tran I, Seshareddy K, et al. A comparison of human bone marrow-
derived mesenchymal stem cells and human umbilical cord-derived mesenchymal
stromal cells for cartilage tissue engineering[J]. Tissue Eng Part A, 2009, 15
(8) :2259-2206.

13 Cheng H, Qiu L, MaJ, et al. Replicative senescence of human bone marrow and
umbilical cord derived mesenchymal stem cells and their differentiation to
adipocytes and osteoblasts[J]. Mol Biol Rep, 2011, 38(8):5161-5168.

14 Kuo HC, Chiu CC, Chang WC, et al. Use of proteomic differential displays to
assess functional discrepancies and adjustments of human bone marrow- and
Wharton jelly-derived mesenchymal stem cells[J]. J Proteome Res, 2011, 10(3):
1305-1315.

15 Hsieh JY, Fu YS, Chang SJ, et al. Functional module analysis reveals

differential osteogenic and stemness potentials in human mesenchymal stem cells

o«

from bone marrow and Wharton's jelly of umbilical cord[J]. Stem Cells Dev,
2010, 19(12) :1895-1910.
16 Singh M, Sandhu B, Scurto A, et al. Microsphere-based scaffolds for cartilage

tissue engineering: using subcritical CO, as a sintering agent[J]. Acta Biomater,
2010, 6(1):137-143.

17 Wang L., Seshareddy K, Weiss ML, et al. Effect of initial seeding density on
human umbilical cord mesenchymal stromal cells for fibrocartilage tissue
engineering[J]. Tissue Eng Part A. 2009, 15(5):1009-1017.

18 Zhao L, Tang M, Weir MD, et al. Osteogenic media and rhBMP-2-induced
differentiation of umbilical cord mesenchymal stem cells encapsulated in alginate
microbeads and integrated in an injectable calcium phosphate-chitosan fibrous
scaffoldJ]. Tissue Eng Part A, 2011, 17(7-8) :969-979.

19 Gong W, Han Z, Zhao H, et al. Banking human umbilical cord-derived
mesenchymal stromal cells for clinical use[J]. Cell Transplant , 2012, 21(1) ;207-
216.

20 Zhang ZY, Teoh SH, Chong MS, et al. Superior osteogenic capacity for bone
tissue engineering of fetal compared with perinatal and adult mesenchymal stem
cells[J]. Stem Cells, 2009, 27(1):126-131.

21 Wang L, Dormer NH, Bonewald LF, et al. Osteogenic differentiation of human
umbilical cord mesenchymal stromal cells in polyglycolic acid scaffolds[J]. Tissue
Eng Part A. 2010, 16(6):1937-1948.

22 Diao Y, Ma Q, Cui F, et al. Human umbilical cord mesenchymal stem cells;
osteogenesis in vivo as seed cells for bone tissue engineering[J]. J Biomed Mater
Res A, 2009, 91(1):123-131.

23 Raicevic G, Najar M, Pieters K, et al. Inflammation and Toll-like receptor
ligation differentially affect the osteogenic potential of human mesenchymal
stromal cells depending on their tissue origin[J]. Tissue Eng Part A, 2012, 18
(13-14) . 1410-1418.

24 Kikuchi-Taura A, Taguchi A, Kanda T, et al. Human umbilical cord provides a
significant source of unexpanded mesenchymal stromal cells[J]. Cytotherapy,
2012, 14(4) :441-450.

25 Raicevic G, Najar M, Stamatopoulos B, et al. The source of human
mesenchymal stromal cells influences their TLR profile as well as their functional
properties|J]. Cell Immunol, 2011, 270(2) :207-216.

26 Wang L, Zhao L, Detamore MS., Human umbilical cord mesenchymal stromal
cells in a sandwich approach for osteochondraltissue engineering[ ] |. ] Tissue Eng
Regen Med, 2010, 5(9).712-721.

27 Dormer NH, Singh M, Wang L, et al. Osteochondral interface tissue
engineering using macroscopic gradients of bioactive signals[J]. Ann Biomed
Eng. 2010, 38(6) :2167-2182.

28 Zhao L, Weir MD, Xu HH. An injectable calcium phosphate-alginate hydrogel-
umbilical cord mesenchymal stem cell paste for bone tissue engineering[ ] .
Biomaterials, 2010, 31(25) :6502-6510.

29 Zhao L, Weir MD, Xu HH. Human umbilical cord stem cell encapsulation in
calcium phosphate scaffolds for bone engineering{ ] |. Biomaterials, 2010, 31(14);
3848-3857.

30 TheirrHan W, Xu HH. Collagen-calcium phosphate cement scaffolds seeded
with umbilical cord stem cells for bone tissue engineering[ J]. Tissue Eng Part A,
2011, 17(23-24) ;2943-2954,

31 Zhou H, Xu HH. The fast release of stem cells from alginate-fibrin microbeads
in injectable scaffolds for bone tissue engineering[ ] ]. Biomaterials, 2011, 32(30)
7503-7513.

32 Hartmann I, Hollweck T, Haffner S, et al. Umbilical cord tissue-derived
mesenchymal stem cells grow best under GMP-compliant culture conditions and
maintain their phenotypic and functional properties[J]. J Immunol Methods.,
2010, 363(1) :80-89.

33 Girdlestone J, Limbani VA, Cutler AJ, et al. Efficient expansion of
mesenchymal stromal cells from umbilical cord under low serum conditions[J].
Cytotherapy, 2009, 11(6):738-748.

34 Conconi MT, Burra P, Di Liddo R, et al. CDI05" cells from Wharton's jelly
show in vitro and in vivo myogenic differentiative potential[J]. Int J Mol Med,
2006, 18(6) : 1089-1096.

35 Kocaefe C, Balci D, Hayta BB, et al. Reprogramming of human umbilical cord
stromal mesenchymal stem cells for myogenic differentiation and muscle repair
[J]. Stem Cell Rev, 2010, 6(4):512-522,

36 Vieira NM, Zucconi E, Bueno CR Jr, et al. Human multipotent mesenchymal
stromal cells from distinct sources show different in vivo potential to differentiate
into muscle cells when injected in dystrophic mice[J]. Stem Cell Rev, 2010, 6
(4) :560-566.

37 Zucconi E, Vieira NM, Bueno CR Jr, et al. Preclinical studies with umbilical
cord mesenchymal stromal cells in different animal models for muscular
dystrophy[J]. J Biomed Biotechnol, 2011, 2011715251,

OkcAg :2012-12-03 3% = :2012-12-15)
CS'E- N EW



